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CONVERSION  FACTORS,  U.S.  CUSTOMARY  TO  METRIC 
UNITS  OF  MEASUREMENT 


U.S.  customary  units  of  measurement  used  in  this  report  can  be 
converted  to  metric  (SI)  units  as  follows: 


Mul tiply 


To  Obtain 


feet  0.3048 

miles  1.609344 

feet  per  second  0.3048 

cubic  feet  per  second  0.02832 

pounds  (mass)  0.4535924 

tons  907.185 


metres 

kilometres 

metres  per  second 

cubic  metres  per  second 

kilograms 

kilograms 


BONNEVILLE  SECOND  POWERHOUSE,  COLUMBIA  RIVER, 

OREGON /WASHINGTON 
Hydraulic  Model  Investigations 
PART  Is  INTRODUCTION 

The  Existing  Project 

1.  The  Bonneville  Dam  project  is  located  at  the  head  of  tide¬ 
water  on  the  Columbia  River  about  146  miles*  above  the  mouth  of  the 
river  (figure  1).  The  Oregon/Washington  State  boundary  lies  along 
the  main  Columbia  River  channel  dividing  the  project  between  the  two 
states.  At  the  dam  site  the  river  is  divided  into  two  channels  by 
Bradford  Island.  The  spillway  dam  is  constructed  across  the  north 
(or  main)  river  channel,  and  the  original  powerhouse  was  constructed 
across  the  south  channel.  Bradford  Island  forms  an  earth  levee 
between  the  two  structures.  The  navigation  lock  is  located  in  the 
south  abutment;  fish  attraction  and  transportation  facilities  are 
placed  at  both  ends  of  the  spillway  dam  in  the  north  channel  and 
across  the  face  of  the  powerhouse  in  the  south  channel.  An  addi¬ 
tional  fishway  extends  from  the  forebay  pool  between  the  navigation 
lock  and  the  Oregon  shore  downstream  to  Tanner  Creek  which  empties 
into  the  Columbia  about  a  mile  below  the  Jam. 

The  Proposed  Project 

2.  The  signing  of  the  Canadian  treaty  agreements  leading  to  the 
construction  of  Canadian  projects  for  upriver  storage  of  summer 
freshet  flows  and  the  development  of  the  Pacific  Northwest/Southwest 
Intertie  dictated  both  enlarged  power  developments  at  the  lower 
Columbia  River  projects  and  an  increased  peaking  mode  of  operation. 


*  A  table  of  factors  for  converting  U.S.  customary  units  to  metric 
(SI)  units  is  shown  on  page  iv. 
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A  second  Bonneville  powerhouse  was  proposed  as  part  of  a  plan  to 
accommodate  these  developments.  Since  the  existing  navigation  lock 
is  considered  substandard  relative  to  the  more  recent  upriver  lock 
developments!  one  criteria  of  the  proposed  project  is  that  no  second 
powerhouse  location  be  selected  that  pre-empts  the  logical  location 
of  a  new  navigation  lock.  The  project  layout  with  the  final-design 
second  powerhouse  is  shown  on  plate  1. 

Purposes  of  the  Model  Studies 

3.  The  primary  purposes  of  the  model  studies  were  to  (1)  con¬ 
firm  the  suitability  of  the  site  chosen  for  the  second  powerhouse, 
(2)  study  flow  conditions  in  the  forebay  and  tailrace  of  the  second 
powerhouse,  (3)  study  the  effects  of  the  added  units  on  existing 
fishway  and  navigation  facilities,  (4)  investigate  the  future  site 
of  a  proposed  navigation  lock,  (5)  study  the  effects  of  excavation 
on  flew  conditions  at  the  proposed  and  existing  locks,  and  (6)  aid 
in  the  location  of  entrances  and  exits  of  any  new  fish  facilities 
that  may  be  required.  Within  the  limits  of  the  capabilities  of  the 
model,  the  effects  of  revised  powerhouse  operation  on  flow  condi¬ 
tions  in  the  downstream  river  channel  and  characteristics  of  stil¬ 
ling  basin  flow  with  revised  spillway  operation  were  also  studied. 
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PART  II:  DESCRIPTION  OF  THE  MODELS 

Comprehensive  Model 

4.  A  1 :100-scale  model  was  constructed  to  provide  hydraulic 
data  needed  for  the  selection  of  a  second  powerhouse  site  and  a  pos¬ 
sible  new  navigation  lock  location.  The  model  reproduced  4.6  miles 
of  the  Columbia  River  between  River  Miles  (RM)  142.3  and  146.9  and 
included  the  18-bay  spillway  on  the  north  (Washington)  shore  and  the 
existing  ten-unit  powerhouse  on  the  south  (Oregon)  shore.  The  chan¬ 
nel  and  overbank  areas  were  constructed  of  concrete  molded  between 
templates  that  conformed  to  the  best-available  survey  data.  The 
navigation  lock,  spillway,  stilling  basin,  and  powerhouse  were  con¬ 
structed  of  waterproofed  wood;  all  structures  were  calibrated  inde¬ 
pendently  to  pass  the  correct  discharge  at  controlled  gate  openings. 
Hydraulic  roughness  was  created  with  roughened  concrete  surfaces, 
rock  chips,  crushed  rock,  and  small  boulders.  Tailwater  depth  was 
controlled  by  adjustable  tailgates  on  either  side  of  Pearce  Island; 
tailwater  elevation  was  controlled  at  gage  9  (plate  3)  according  to 
tailwater  curves  supplied  by  NPP.  Discharge  into  the  model  was  sup¬ 
plied  by  a  recirculating  system  and  was  measured  by  calibrated  ori¬ 
fices  in  the  supply  lines.  Velocities  and  flow  directions  were 
obtained  with  standard  laboratory  procedures.  A  remote-controlled 
model  towboat  with  an  overall  length  of  608  feet,  a  width  of  80  feet, 
and  a  barge  displacement  of  14,200  tons  was  used  to  assist  in  evalu¬ 
ating  navigation  conditions  in  the  approach  channel. 

Power  Unit  Models 


1  :80-Scale  Model 


3.  The  model  consisted  of  a  plywood  flume  with  the  powerhouse 
constructed  of  waterproofed  wood  at  one  end.  Only  the  section  of 
draft  tube  downstream  from  the  elbow  was  modeled  in  detail.  The 
remainder  of  the  unit  model  was  a  simplified  representation  that 
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established  the  correct  P  -v  pattern  in  the  draft  tube.  Discharge 
into  the  model  was  supplied  by  a  recirculating  systeai  and  measured 
with  a  calibrated  orifice.  Flow  was  introduced  directly  into  the 
powerhouse  unit;  an  adjustable  tailgate  was  used  for  tailwater  con¬ 
trol.  A  stilling  bucket  and  electronic  point  gage  were  used  to 
measure  water  surface  elevations.  Much  of  the  data  acquired  consis¬ 
ted  of  sketches  of  the  boil  and  flow  conditions  downstream. 

1 :40-Scale  Model 


6.  The  model  consisted  of  a  single  powerhouse  unit  in  a  flume. 
Except  for  the  wheel,  all  features  of  the  unit  (intake  passages, 
scroll  case,  stay  vanes,  wicket  gates,  discharge  ring,  and  complete 
draft  tube)  were  modeled.  The  Kaplan  blades  and  hubs  were  omitted 
from  the  model.  The  model  was  constructed  with  plastic,  fiberglass, 
waterproofed  wood,  and  plywood  in  a  brick  flune  with  a  glass  obser¬ 
vation  window.  Discharge  into  the  model  was  supplied  by  a  recircu¬ 
lating  system  and  measured  with  a  calibrated  orifice.  Flow  was  con¬ 
trolled  with  wicket  gates  to  reproduce  forebay  elevations.  Initial 
tests  were  made  with  parallel  sides  in  the  flume  to  simulate  an 
interior  unit.  Later  tests  were  made  with  the  left  wall  reconstruc¬ 
ted  to  duplicate  the  end  of  the  proposed  powerhouse.  A  stilling 
bucket  and  electronic  point  gage  were  used  to  measure  water  surface 
elevations.  Flew  conditions  were  recorded  on  a  closed-circuit  TV 
system  and  then  sketched. 

Ice  and  Trash  Chute  Model 


7.  A  1 :20-scale  model  was  used  to  evaluate  design  of  the  ice 
and  trash  chute.  Water  was  supplied  to  the  model  by  recirculating 
systems  and  measured  by  means  of  V-notch  weirs  and  calibrated  ori¬ 
fices  in  the  supply  lines.  Tailwater  elevations  were  controlled  by 
an  overflow  gate.  The  model  was  constructed  of  wood  and  plastic. 
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Model  Similitude 


8.  The  accepted  equations  of  hydraulic  similitude  based  upon 
the  equivalence  of  the  Froude  Number  in  the  model  and  in  the  proto¬ 
type  were  used  to  express  mathematical  relations  between  the  dimen¬ 
sions  and  hydraulic  quantities  of  the  model  and  prototype.  General 
relations  for  transference  of  model  (M)  data  to  prototype  (P)  equiv¬ 
alents  are  as  follows. 


Dimension 

Ratio 

M:P 

M:P 

M:P 

M:P 

Length 

Lr 

1  :100 

1 :80 

1  :40 

1  : 20 

Area 

Ar  -  Lr2 

1  :104 

1 :6 ,400 

1 : 1 , 600 

1  :400 

Velocity 

Vr  -  Lr1/2 

1  :10 

1 :8.94 

1  :6. 325 

1  :4.47 

Discharge 

Qr  -  Lr5/2 

1  :105 

1:57,243 

1 : 1 0 , 119 

1  :1 , 789 

PART  III:  MODEL  STUDIES  OP  EXISTING  CONDITIONS 


Comprehensive  Model  Verification 


9.  Initial  verification  of  the  comprehensive  model  was  based  on 
bank  and  channel  topography  constructed  according  to  hydrographic 
surveys  taken  in  1947,  1958,  and  1963  and  river  gage  data  obtained 
in  1968  and  1969  for  model  verification  purposes.  Verification  of 
the  model  with  this  data  was  satisfactorily  completed  for  the  reach 
upstream  of  the  project  prior  to  beginning  any  tests  described  in 
this  report.  However,  the  gage  data  could  not  be  reproduced  in  the 
model  between  RM  144  and  the  structures  (RM  145.5)  due  to  major 
changes  which  occurred  in  the  riverbed  between  the  time  of  the 
latest  survey  and  the  time  the  gage  data  were  obtained.  A  new  pro¬ 
totype  survey  of  the  unverified  portion  of  the  model  and  new  gage 
data  was  obtained  in  1969.  The  model  layout  with  the  updated  survey 
data  and  the  gage  locations  is  shown  on  plates  2  and  3. 


10.  Model  water  surface  profiles  at  the  gages  along  each  bank 
downstream  from  the  structures  are  shown  on  plates  4  and  5  for  four 
discharges  ranging  from  125,050  to  372,870  cfs.  These  profiles  are 
superimposed  on  profiles  of  prototype  gage  data  and  show  a  maximum 
variation  of  0.4  foot  at  two  gages  ( T— 1  and  TW)  adjacent  to  the 
structures;  the  observed  prototype  and  model  data  at  all  other  gages 
were  within  0.2  foot. 


11.  Although  satisfactory  verification  of  the  upstream  portion 
of  the  model  was  achieved  with  the  original  hydrographic  survey 
information,  the  1969  survey  showed  increased  depths  in  the  power¬ 
house  forebay.  The  results  of  tests  involving  forebay  excavations 
for  south  shore  powerhouse  sites  D  and  E  (made  prior  to  the  1969 
survey)  are  satisfactory  for  comparison  with  test  results  of  the 
north  shore  powerhouse  sites. 
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Existing-Condition  Base  Test 

12.  A  base  test  using  the  old  survey  data  was  made  with  river 
discharges  of  100,000,  200,000,  300,000,  460,000,  and  800,000  cfs. 
Flow  distribution  is  shown  on  plates  6  through  10.  Except  for  data 
collected  near  the  mouth  of  Tanner  Creek,  base  test  information  was 
observed  upstream  from  the  structures. 

13.  Existing  flow  conditions  make  navigation  somewhat  difficult 
in  the  approach  to  the  upstream  entrance  of  the  lock.  Flow  to  the 
powerhouse  is  drawn  obliquely  across  the  lock  entrance,  and  veloci¬ 
ties  in  the  approach  channel  are  high.  The  combination  of  these 
conditions  makes  it  difficult  for  tows  to  maintain  steerage  while 
decelerating  to  enter  the  short  upstream  approach  to  the  lock. 

Powerhouse  Tailrace  Velocities 


14.  Velocities  and  flow  patterns  downstream  from  the  existing 
powerhouse  for  four  discharges  from  143,400  to  510,000  cfs  are  shown 
on  plates  11  through  14.  The  highest  velocities  occurred  with  the 
143,400-cfs  discharge;  the  formation  of  several  small  eddies  was  also 
evident.  With  the  three  greater  discharges,  velocities  were  lower 
and  the  eddies  were  smaller  or  nonexistent.  In  all  cases,  good  down¬ 
stream  flew  existed  just  outside  the  limits  of  the  eddies. 
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PART  IV:  SITE  INVESTIGATIONS 


Site  D  Powerhouse  and  Navigation  Lock 

15.  The  structure*  for  Site  D  consisted  of  a  six-unit  power¬ 
house  adjacent  to  the  south  end  of  the  existing  ten-unit  powerhouse 
with  a  new  enlarged  lock  (80  by  675  feet)  to  the  south  of  the  new 
powerhouse  (photograph  1  and  plate  15).  Tests  were  made  to  deter¬ 
mine  the  effects  of  a  variety  of  forebay  excavation  and  fill  plans 
on  head  losses  at  th<  owerhct.  and  on  navigation  approach  condi¬ 
tions.  Tests  were  made  on  five  Bradford  Island  excavation  plans 
(plates  16  and  17),  three  Eagle  Point  excavation  plans  (plate  18), 
and  fill  plans  for  four  navigation-lock  upstream  approach  channels 
(plate  19).  Additionally,  studies  were  made  of  two  different  down¬ 
stream  entrances  to  the  approach  channel  and  the  removal  of  Picture 
Rock  and  Boat  Rock. 

16.  To  accommodate  the  increase  in  discharge  (from  141,000  to 
272,000  cfs)  with  the  new  powerhouse,  additional  forebay  excavation 
was  necessary.  Fifteen  different  configurations  of  forebay  excava¬ 
tion  plans  were  tested,  and  the  resulting  water  surface  elevations 
and  powerhouse  channel  head  losses  are  summarised  in  tables  A  and 
B.  Flow  conditions  with  Bradford  Island  Excavation  Plan  1  (plate 
16)  were  unsatisfactory  because  the  alinement  and  extent  of  the 
Bradford  Island  excavation  did  not  adequately  provide  for  the  addi¬ 
tional  powerhouse  discharge,  and  high-velocity  flow  continued  to  fol¬ 
low  the  deeper,  old  river  channel.  Lock  approach  velocities  were 
increased  over  the  existing  condition,  and  the  higher  velocities 
persisted  for  a  considerable  distance  into  the  lock  approach  which 
essentially  decreased  the  length  of  approach  available  for  decelera¬ 
tion  of  a  tow.  Tests  with  Bradford  Island  Excavation  Plan  2  (plate 
16)  and  Eagle  Point  Excavation  Plans  1  and  2  were  similarly  unsatis¬ 
factory.  Bradford  Island  Excavation  Plan  3  (plate  17)  reduced  the 
island  to  Che  minimum  sise  Chat  was  feasible  without  changing  the 


existing  fish  ladder;  excavation  was  to  elevation  40*.  With  this 
plan  but  excluding  excavation  at  Eagle  Point,  velocities  in  the  lock 
channel  with  both  powerhouses  operating  varied  from  4  to  7  fps  with 
river  discharges  of  300,000  to  600,000  cfs.  Eagle  Point  Excavation 
Plans  1  and  2  did  not  decrease  the  velocities  in  the  lock  channel, 
although  head  losses  between  gages  1  and  F-2  were  slightly  reduced 
at  600,000  cfs. 

17.  As  navigation  conditions  did  not  improve  by  excavating 
Eagle  Point,  it  was  evident  that  the  control  was  in  the  powerhouse 
channel — primarily  in  the  section  just  upstream  from  the  north  lock 
guide  wall.  Bradford  Island  Excavation  Plan  4  increased  the  channel 
area  by  lowering  the  forebay  invert  to  elevation  20.  This  excavation 
plan  produced  good  flaw  conditions.  Head  losses  in  the  powerhouse 
channel  were  minimized,  eddy  losses  at  the  powerhouse  units  were 
eliminated  (except  for  eddies  caused  by  a  remaining  portion  of  the 
existing  lock),  and  satisfactory  conditions  for  navigation  existed 

in  the  upstream  approach  to  the  lock.  Extensive  excavation  of  Eagle 
Point  was  not  needed,  but  some  rounding  of  the  point  (Eagle  Point 
Excavation  Plan  3)  would  provide  better  conditions  for  navigation  at 
600,000  cfs. 

18.  Bradford  Island  excavation  was  limited  to  the  size  shown  in 
Plan  5  (plate  17)  due  to  concern  that  th.'  small  portion  of  the 
island  remaining  after  Plan  4  excavation  might  perm; t  serious  seep¬ 
age  through  the  island,  possibly  leading  to  its  eventual  loss.  The 
Plan  3  shape  provides  downstream  flow  at  the  fish  ladder  exit  (so 
that  fish  are  led  upstream  away  from  the  powerhouse)  and  minimizes 
eddies  at  existing  powerhouse  units  7  through  10.  The  Eagle  Point 
Excavation  Plan  3  (plate  18)  was  installed  to  improve  navigation 
past  the  point.  With  Bradford  Island  Excavation  Plan  5  and  Eagle 


*  All  elevations  are  in  feet  to  NCVD. 
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Point  Excavation  Plan  3  installed  in  the  model,  alternative  fill  plana 
for  four  navigation-lock  upatream  approach  channela  were  tested.  The 
teat  reaulta,  baaed  on  a  comparison  of  conditions  with  no  fill  and 
the  largest  fill  (to  elevation  40),  indicated  that  fill  had  little 
influence  on  velocities  in  the  navigation  channel  (plate  20).  A  test 
was  made  to  determine  if  any  hydraulic  benefit  would  be  derived  by  the 
removal  of  Picture  Rock  and  Boat  Rock.  The  test  results  indicated 
there  was  no  benefit  obtained  and  that  the  rock  islands  acted  as  turn¬ 
ing  vanes  and  appeared  to  improve  flew  conditions  to  the  powerhouse  at 
600,000  cfs.  Removal  of  the  rocks  resulted  in  lowering  of  the  fore¬ 
bay,  and  consequently  the  power  head,  by  0.2  foot. 

19.  Although  velocities  were  slightly  higher  than  desirable, 
Bradford  Island  Excavation  Plan  5  with  Eagle  Point  Excavation  Plan  3 
provided  an  acceptable  design  from  the  standpoint  of  island  width, 
head  losses,  and  flow  direction  in  the  upstream  lock  approach. 
Therefore,  data  were  obtained  with  additional  flow  conditions 
(including  five  combinations  of  discharge  and  pool  elevation),  and 
che  resulting  conditions  were  generally  satisfactory  with  all  flows. 
Velocities  through  the  approach  ranged  from  about  2  fps  near  the 
south  shore  to  about  5-7  fps  in  the  main  channel.  There  was  no 
difficulty  encountered  when  handling  the  towboat  in  the  upstream 
approach  channel;  however,  handling  the  tewboat  in  the  downstream 
approach  was  much  more  difficult.  When  the  Plan  2  downstream  chan¬ 
nel  was  installed  (photograph  2),  towboat  navigation  became  consid¬ 
erably  easier  and  safer.  The  Site  D  powerhouse  and  lock  location 
appeared  to  be  satisfactory  when  Bradford  Island  Excavation  Plan  5, 
Eagle  Point  Excavation  Plan  3,  and  the  downstream  approach  Plan  2 
were  incorporated  in  the  design. 

20.  After  Site  D  tests  had  been  completed,  the  results  of  a  new 
survey  of  the  powerhouse  forebay  of  the  Bonneville  Dan  were  received. 
The  survey  indicated  that  the  existing  powerhouse  channel  has  approx¬ 
imately  13.5  percent  more  capacity  than  the  model  channel  at  pool 
elevation  74.  With  Bradford  Island  excavation  to  elevation  40,  the 
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difference  in  existing  and  modeled  capacities  is  about  10  percent. 
Therefore,  velocities  and  head  losses  for  plans  with  Bradford  Island 
excavation  to  elevation  40  would  be  slightly  leas  than  indicated  by 
the  previous  tests.  The  flow  conditions  for  plans  with  Bradford 
Island  excavation  to  elevation  20  would  not  be  significantly  differ¬ 
ent  from  those  indicated  in  the  model. 

Site  E  Powerhouse  and  Navigation  Lock 

21.  The  structures  for  Site  E  consisted  of  an  eight-unit  power¬ 
house  adjacent  to  the  south  end  of  the  existing  ten-unit  powerhouse 
(similar  to  Site  D)  and  an  86-  by  675-foot  navigation  lock  located 
on  the  north  shore  upstream  from  the  right  end  of  the  existing 
spillway.  The  Site  E  powerhouse  and  lock  were  not  incorporated  in 
the  model;  instead,  the  effects  of  the  eight-unit  Site  E  powerhouse 
were  simulated  by  passing  flows  through  the  Site  D  powerhouse  and 
navigation  lock  structures. 

22.  Initially,  Bradford  Island  Excavation  Plan  2  (plate  16)  and 
Eagle  7t>int  Excavation  Plan  2  (plate  18)  were  installed  in  the  model 
(photograph  3).  Tests  were  made  with  river  discharges  of  300,000, 
460,000,  and  600,000  cfs  with  (1)  both  powerhouses  operating  and  (2) 
only  the  existing  powerhouse  operating.  Velocities  in  the  sheltered 
area  between  the  guide  walls  at  the  upstream  entrances  were  consid¬ 
ered  satisfactory;  however,  velocities  in  the  navigation  approach 
were  high  (10  fps  at  600,000  cfs  river  discharge  with  458,000  cfs 
spillway  flow).  The  high  velocities  were  directed  obliquely  across 
the  navigation  approach  channel  entrance  (photograph  4)  making  it 
virtually  impossible  to  negotiate  a  safe  entrance  into,  and  difficult 
to  negotiate  a  safe  exit  out  of,  the  approach  channel.  Velocities 
between  Bradford  Island  and  Eagle  Point  ranged  from  7  to  16  fps 
depending  on  powerhouse  operation.  The  water  surface  drop  (approxi¬ 
mate  head  loss)  in  the  powerhouse  channel  exceeded  3.0  feet  when 
both  powerhouses  were  operated  indicating  that  the  powerhouse  chan¬ 
nel  had  too  little  capacity. 
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23.  Tests  were  made  to  determine  the  minimum  probable  head  loss 
at  the  powerhouse.  With  Bradford  Island  Excavation  Plan  4  (plate 
17)  and  Eagle  Point  Excavation  Plan  1  (plate  18)  and  a  riverflow  of 
600,000  cfs  (spillway  flow  282,000  cfs,  both  powerhouses  operating) 
head  losses  were  about  0.5  feet  in  the  powerhouse  channel. 

24.  Tests  were  made  of  several  entrance  plans  designed  to  reduce 
velocities  and  improve  conditions  for  navigation.  Plan  2  moved  the 
right  bank  of  the  upstream  entrance  inland  and  extended  it  upstream. 
The  curved  right  bank  of  Plan  2  was  straightened  in  Plan  3,  and  then 
Boat  Rock  and  Picture  Rock  were  removed  to  elevation  30  and  35, 
respectively.  The  left  guide  wall  was  made  straight  and  extended  to 
the  elevation  25  contour  for  Plan  4.  Each  subsequent  plan  improved 
navigation  conditions;  however,  testing  with  the  remote-controlled 
towboat  indicated  that  a  wide  entrance  to  the  Plan  E  lock  (entrance 
Plan  3  or  4)  was  required  for  safe  entry  of  large  tows  into  the  lock 
with  spillway  flows  up  to  approximately  317,000  cfs  (460,000-cfs 
riverflow).  The  model  indicated  that  entry  into  the  lock  at  higher 
discharges  would  be  possible  but  hazardous  since  precise  and  rapid 
maneuvering  of  the  model  towboat  was  required. 

25.  Preliminary  tests  were  made  to  determine  the  effect  of 
reduced  Bradford  Island  excavation  on  losses  in  the  powerhouse  chan¬ 
nel.  The  different  excavation  plans  tested  are  shown  on  plate  21 
and  the  results  are  listed  in  table  C. 

Site  C  Powerhouse  and  Navigation  Lock 

26.  Site  C  structures  originally  tested  included  a  ten-unit 
powerhouse  on  the  north  (Washington)  shore  and  the  Site  D  navigation 
lock  with  the  upstream  approach  widened  to  approximately  300  feet. 

The  proposed  Site  C  development  was  to  use  the  existing  lock  for  the 
present  but  would  include  construction  of  a  second,  larger  lock  in 
the  future.  Therefore,  the  effect  of  Bradford  Island  excavation  on 
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approach  conditions  to  the  existing  and  proposed  locks  was  investi¬ 
gated.  The  Site  D  powerhouse  previously  tested  was  left  in  the 
model  but  isolated  to  prevent  flow  from  entering  this  portion  of  the 
model.  The  upstrean  portion  of  the  existing  navigation  lock  was 
reinstalled  in  the  model.  The  general  layout  is  shown  on  plate  22 
and  photograph  5.  Bradford  Island  Excavation  Plan  8,  which  was  sim¬ 
ilar  to  Plan  6-D  (plate  21)  except  for  bank  sloping  between  the  fish 
ladder  exit  and  existing  powerhouse,  was  initially  modeled  based  on 
results  of  previous  upstream  approach  tests  accomplished  for  the 
Site  E  investigations. 

27.  Water  surface  elevations  were  observed  with  river  discharges 
from  141,000  to  600,000  cfs  with  varied  operating  conditions.  Losses 
in  the  Site  C  powerhouse  channel  varied  from  0.1  feet  at  220,000  cfs 
to  0.6  feet  at  600,000-cfs  river  flow  with  both  Bradford  Island  Exca¬ 
vation  Plan  8  and  the  existing  Bradford  Island  configuration.  Losses 
in  the  existing  powerhouse  channel  varied  from  0.3  feet  at  141,000 
cfs  to  0.7  feet  at  600,000  cfs  with  Bradford  Island  Excavation  Plan  8 
and  1.0  to  1.3  feet  for  similar  discharges  with  the  existing  Bradford 
Island  configuration. 

28.  Velocities  and  flow  patterns  were  obtained  in  the  upstream 
approaches  to  both  powerhouses  assuming  that  only  the  existing  lock 
was  operable  under  the  following  conditions:  maximum  flow  (220,000 
cfs)  through  the  Site  C  powerhouse  with  300,000-cfs  river  discharge 
and  maximum  flow  (361,000  cfs)  through  both  powerhouses  with  river 
discharges  of  460,000  and  600,000  cfs.  Maximisn  velocities  in  the 
Site  C  powerhouse  approach  varied  from  6  to  10  fps  with  a  river  dis¬ 
charge  of  300,000  to  600,000  cfs,  respectively.  Surface  eddies 
occurred  just  upstream  from  both  ends  of  the  Site  C  powerhouse  with 
each  flow  tested  (photograph  6).  A  full-depth  eddy  occurred  along 
the  north  side  of  the  Site  C  powerhouse  approach  at  600,000  cfs. 
Maximum  velocities  in  the  existing  powerhouse  approach  channel  varied 
from  about  4  to  8  fps  with  river  discharge  varying  from  300,000  to 
600,000  cfs. 
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29.  Downstream  flow  conditions  were  observed  with  maximum  flow 
through  the  Site  C  powerhouse  (220,000  cfs)  and  river  discharges  of 
300,000,  460,000,  and  600,000  cfs.  Flow  tended  to  follow  the  right 
bank,  and  eddies  formed  along  the  left  bank  upstream  from  the  spill¬ 
way  channel  and  between  the  spillway  and  powerhouse  channels  (photo¬ 
graph  7).  Maximum  velocities  ranged  from  7  to  9  fps  along  the  right 
bank  upstream  from  the  spillway  channel,  from  7  to  10  fps  in  the 
excavated  channel  downstream  to  gage  4,  and  from  9  to  13  fps  at  the 
confluence  of  the  natural  river  channel  and  the  existing  powerhouse 
channel.  The  head  losses  in  the  Site  C  powerhouse  tailrace  indi¬ 
cated  that  decreased  excavation  in  the  upstream  portion  of  the  chan¬ 
nel  might  be  possible  without  increasing  overall  losses.  Losses  in 
the  existing  powerhouse  tailrace  indicated  that  its  capacity  should 
be  increased. 

30.  A  study  of  navigation  conditions  in  the  lock  approaches  was 
made  with  the  radio-controlled  towboat.  Conditions  in  the  upstream 
entrance  to  the  existing  lock  both  with  and  without  the  Site  C  lock 
operable  were  signficantly  improved  with  the  Bradford  Island  Excava¬ 
tion  Plan  8;  crossflow  st  the  entrance  was  reduced  but  would  still 
influence  large,  slow-moving  tows.  The  upstream  approach  channel  to 
the  Site  C  lock  provided  nearly  ideal  entrance  and  exit  conditions 
for  all  flows.  The  towboat  had  no  difficulty  entering  either  lock 
from  downstream  at  300,000  cfs  when  the  tow  was  maneuvered  in  line 
with  the  flow.  At  600,000  cfs  (photograph  8)  the  towboat  was 
required  to  maneuver  at  full  power  to  enter  either  lock;  downstream 
movement  required  good  alinement  of  tew  and  flew. 

31.  In  order  to  evaluate  the  effect  of  Bradford  Island  excava¬ 
tion,  the  existing  approach  conditions  were  reproduced  in  the  model 
by  temporarily  installing  the  wetted  portion  of  the  upstream  end  of 
Bradford  Island  (photograph  9).  Water  surface  elevation  data  indi¬ 
cated  that  operation  with  the  existing  Bradford  Island  had  no  effect 
on  losses  in  the  approach  channel  to  the  Site  C  powerhouse  for  river 
discharges  up  to  460,000  cfs  and  caused  only  0.1-foot  variation  at 
600,000  cfs. 
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32.  Tests  were  made  with  a  variety  of  river  discharges  (ranging 
from  141,000  to  600,000  cfs  with  flow  distributed  to  maintain  maxi- 
nun  discharge  through  the  existing  powerhouse)  to  determine  if  navi¬ 
gation  conditions  were  affected  by  flow  to  the  Site  C  powerhouse. 
Entry  of  the  model  towboat  into  the  existing  upstream  approach  chan¬ 
nel  between  Eagle  Point  and  Bradford  Inland  and  maneuvering  through 
the  channel  to  the  navigation  lock  was  difficult  at  300,000  cfs  and 
nearly  impossible  at  600,000  cfs.  Moving  upstream  past  Eagle  Point 
was  not  difficult  at  300,000  cfs,  but  it  was  necessary  to  maneuver 
the  tow  close  to  Bradford  Island  on  the  north  and  Eagle  Point  on  the 
south  at  600,000  cfs  in  order  to  avoid  the  high  river  channel  veloc¬ 
ities  and  grounding  on  Boat  Rock. 

33.  Three  bank  alinement  revisions  were  tested  in  the  Site  C 
powerhouse  tailrace.  The  revised  alinements  in  the  models  were 
accomplished  by  adding  crushed  rock  along  the  left  bank.  The 
resulting  tailwater  elevations  with  the  original  (Plan  C-l)  and 
revised  (Plans  C-2  through  C-4)  tailrace  excavation  are  listed  in 
table  D.  Revised  alinements  of  the  left  bank  eliminated  the  slack 
water  areas  and  produced  downstream  flow  along  the  full  length  of 
both  banks  (photograph  10).  The  realined  channels  caused  slight 
changes  of  tailwater  at  the  Site  C  powerhouse — 0.1  to  0.2  feet  with 
discharges  of  220,000  to  460,000  cfs — indicating  small  increases  of 
head  on  the  power  units  could  be  obtained  with  the  different  plans. 

34.  A  brief  study  of  flow  conditions  in  the  Garrison  Rapids 
reach  opposite  Ives  Island  (RM  142.8)  was  conducted  to  determine  if 
velocities  during  a  peaking  operation  would  adversely  affect  conmer- 
cial  navigation.  Maximum  velocities  ranging  between  4  to  12  fps 
were  measured  during  simulation  of  the  peaking  operation  hydrograph. 
Prototype  powerhouse  tailwater  levels  were  reproduced  accurately,  but 
the  model  did  not  reproduce  the  correct  water  surface  slope  in  the 
river  through  the  reach.  The  model  results  were  therefore  considered 
to  be  potentially  misleading  and  tests  were  discontinued. 
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35.  The  model  indicated  that  the  Site  C  powerhouse  provided  a 
workable  plan  for  both  power  operation  and  navigation.  Baaed  on 
economic  considerations,  Site  C  was  subsequently  selected  as  the 
powerhouse  site,  and  detailed  model  tests  were  conducted  to  optimize 
the  design  of  the  powerhouse  and  appurtentant  structures. 
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PART  V:  FINAL  DESIGN 


Site  C-3  Powerhouse 

36.  The  eight-unit  Site  C-3  powerhouse — a  modification  of  the 
Site  C  powerhouse — was  selected  for  construction.  Although  the  Plan 
C  lock  was  proposed  for  future  construction,  its  design  was  not 
studied  in  this  model.  Plan  C  lock  alinement  and  navigation  channel 
improvements  studied  with  the  comprehensive  model  were  reported  in 
"Columbia  River  and  Tributaries,  Bonneville  Lock  and  Dam,  Oregon  and 
Washington  Feasibility  Report,  Hydraulic  Model  Studies"  dated  March 
1978.  The  project  layout  is  shown  on  plate  23  and  photograph  11. 

37.  Project  construction  began  soon  after  site  selection.  Model 
testing  of  the  following  design  and/or  as-built  conditions  continued: 

a.  Design  alternatives  to  minimize  upwelling  in  the  tail- 
race  channel. 

b.  Design  alternatives  for  the  upstream  and  downstream 
channels  and  observations  of  as-built  forebay  flow  conditions. 

c.  Observation  of  the  dispersion  of  turbid  water  from  the 
newly  excavated  Site  C  downstream  channel  after  removal  of  the  cof¬ 
ferdam  . 


d.  Observation  of  flow  conditions  during  the  flushing  of 
newly  excavated  material  from  the  tailrace. 

e.  Data  accumulation  for  determining  the  best  combination 
of  flows  from  the  two  powerhouses  to  facilitate  fish  passage  at  the 
main  fishway  entrances  and  exits  and  to  define  flow  conditions  at 
the  existing  and  proposed  new  navigation  lock  approaches. 

f.  Observation  and  design  of  the  ice  and  trash  chute. 
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The  model  studies  for  items  "b"  through  "e"  were  made  on  the  1:100- 
scale  comprehensive  model.  1:40-  and  l:80~acale  models  were  used  in 
the  item  "a"  studies,  and  a  1 :20-scale  model  was  used  for  item  "f". 

Powerhouse  Draft  Tube 

38.  The  1:80-  and  1 :40-scale  single  powerhouse  unit  models  were 
used  to  investigate  interference  with  fishway  attraction  flow  by 
upwelling  from  the  outflow  of  the  powerhouse  unit  adjacent  to  the 
fishway.  Operating  experience  at  John  Day  Dam  had  indicated  that 
such  conditions  are  detrimental  to  fish  passage.  The  1 :80-acale 
model  simulated  the  draft  tube  downstream  from  the  elbow  and  was  used 
to  determine  the  effect  various  plans  of  draft  tube  and  excavation 
runout  slopes  would  have  on  upwelling  downstream  from  the  powerhouse. 
The  l:40-scale  model  simulated  all  features  of  the  unit  except  for 
the  wheel  and  was  used  to  study  the  effects  that  various  left  wall 
design  plans  would  have  on  outflow  conditions.  The  effects  of 
placing  a  deflector  over  the  draft  tube  exit  were  also  tested  in  the 
models.  A  unit  discharge  of  22,000  cfs  was  used  with  each  model. 


Draft  Tube  Invert  Slot 


39.  The  1  :80 -scale  model  was  tested  with  the  low  point  of  the 
model  at  elevation  -79.7.  Twenty-six  different  geometric  configura¬ 
tions  were  tested.  The  design  of  the  draft  tube  downstream  of  the 
elbow  was  varied  from  that  with  a  horizontal  runout  to  that  with  a  1 
vertical  (V)  on  3.5  horizontal  (H)  slope.  The  tailrace  between  the 
draft  tube  exit  and  the  channel  was  excavated  to  elevation  -20  with 
the  excavation  varied  to  include  no  bench,  and  50-  and  100-foot-long 
benches.  Runout  slopes  of  1V:4H,  1V:5H,  and  1V:6H  were  tested,  and 
tailwater  was  varied  between  elevations  10  and  55.  A  representative 
model  is  shown  in  photograph  12. 

40.  Changes  in  the  runout  slope  and  tailrace  bench  had  very 
little  effect  on  the  location  and  severity  of  the  boil.  Changing 
the  draft  tube  slope  from  1V:3.5H  made  little  difference  in  the  boil 
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location.  The  1V:10H  invert  slope  produced  a  moderate  downstream 
shift  and  reduced  the  upvelling  to  a  rolling  action.  The  horizontal 
invert  moved  the  upvelling  further  downstream  and  created  only  very 
mild  rolling  action  with  considerable  quiet  water  between  rolls. 
Increasing  the  tailwater  above  elevation  10  also  caused  the  upvell¬ 
ing  to  move  downstream  and  change  from  a  localized  boil  to  a  large 
subdued  boil  for  all  plans  tested.  Plates  24  through  27  illustrate 
the  effects  of  the  geometric  changes  on  the  boil  conditions. 

41.  A  15-foot-wide  deflector  the  full  width  of  the  unit  was 
installed  at  the  top  of  the  draft  tube  exit  in  another  attempt  to 
move  the  boil  downstream  and  farther  from  the  proposed  fishway 
entrance  on  the  left  wall.  The  deflector  caused  the  boil  to  surface 
10  to  20  feet  farther  downstream  and  to  expand  over  a  wider  section 
of  the  flume. 

42.  A  15-foot-wide  ledge  extending  120  feet  downstream  from  the 
powerhouse  was  installed  along  the  left  wall  to  isolate  the  fishway 
entrance  from  the  powerhouse  boil.  When  the  ledge  was  built  to  ele¬ 
vation  3,  flew  conditions  above  the  ledge  were  only  fair  for  fish 
passage  due  to  the  waves  and  rough  water  caused  by  boil  expansion 
along  the  ledge.  Lower  ledge  elevations  produced  boiling  over  the 
top  of  the  ledge  at  tailwater  elevation  25.  Higher  ledge  elevations 
produced  insufficient  water  cover  over  the  ledge  at  tailwater  eleva¬ 
tion  10. 

Left  Wall  Design  Plana 

43.  Initial  data  for  the  1 :40-scale  model  tests  were  obtained 
with  parallel  sides  in  the  fliane  and  a  runout  slope  of  1V:4H.  The 
boil  downstremn  from  the  powerhouse  was  concentrated  along  the  left 
wall  as  a  result  of  angular  flew  out  of  the  scroll  case  and  draft 
tube.  This  was  in  agreement  with  the  1 s80-scale  model  and  with  pro¬ 
totype  observations  at  several  existing  powerhouses. 
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44.  In  Che  original- design  plan,  Che  lefc  wall  of  Che  flune  waa 
reconstructed  Co  duplicaCe  Che  aouCh  end  of  Che  proposed  SiCe  C-3 
second  powerhouse.  The  lefc  wall  of  Che  model  was  recessed  down¬ 
stream  from  Che  powerhouse  and  included  Che  Cwo  entrances  Co  Che 
fishway  sysCem  and  Che  wall  of  Che  Crash  chuCe  downs Cream  from  Che 
entrances  (photograph  13).  Location  of  Che  boil  with  CailwaCer  ele¬ 
vations  16  and  25  waa  observed  with  che  original  plan  as  well  as 
with  Che  following  variations: 

a.  A  different  invert  slope  at  the  wall. 

b.  An  angled  wall  at  Che  downstream  fishway  entrance. 

c.  A  deflector  over  Che  draft  Cube  exit. 

d.  A  ledge  along  the  wall. 

e.  A  short  section  of  straight  wall  downstream  from  Che 
powerhouse. 

f.  An  extension  of  the  wall  at  Che  downstream  fishway 
entrance . 

g.  Two  lengths  of  raised  inverc  at  Che  downstream  entrance. 

h.  A  combination  of  the  draft  tube  deflector  and  the  short 
section  of  straight  wall  at  the  powerhouse. 

45.  The  results  of  tests  with  the  various  geometries  indicated 
that  four  plana  had  good  flow  conditions  or  could  be  improved  to 
have  good  flow  conditions  by  adding  an  angled  wall  at  the  downstream 
fishway  entrance.  These  four  plans  are  as  follows: 

a.  An  angled  wall  at  the  downstream  fishway  entrance  and 
the  alternative  invert  along  the  left  wall  (photograph  14); 


b.  The  downstream  fishway  entrance  moved  58.9  feet  down¬ 
stream  and  the  alternative  invert  along  the  left  wall  (photograph  15 
with  angled  wall  at  the  downstream  fishway  entrance); 

c.  A  short  section  of  straight  wall  downstream  from  the 
powerhouse  with  a  deflector  over  the  draft  tube  exit  depressed  15 
degrees  (photograph  16  with  angled  wall  at  downatream  fiahway 
entrance);  and 

d.  A  short  section  of  straight  wall  downstream  from  the 
powerhouse  with  the  alternative  invert  along  the  left  wall  and  a 
deflector  over  the  draft  tube  exit  depressed  15  degrees  (photograph 
17  with  angled  wall  at  downstream  fishway  entrance). 

Two  other  plans  were  considered  to  produce  fair-to-good  conditions, 
while  all  other  plans  were  considered  poor  due  to  excessive  upwell- 
ing,  upstream  flow,  or  extremely  rough  water  near  the  fishway 
entrance.  The  results  of  the  preliminary  study  and  the  four  good 
plans  are  summarized  in  table  G. 

Tailrace  Channel 


46.  Details  of  the  powerhouse  and  accompanying  channels  are 
shown  on  plate  23.  Flow  patterns  and  velocities  in  the  original- 
design  tailrace  channel  (Plan  C-6A)  are  shown  on  plates  28  and  29 
with  river  discharges  of  168,400,  220,000,  360,000,  and  510,000  cfs. 
The  original-design  tailrace  channel  produced  poor  flow  conditions 
at  the  downstream  fishway  entrance  on  the  north  end  of  the  power¬ 
house;  fishway  flow  was  either  drawn  into  the  boil  at  the  powerhouse 
or  caught  in  a  large  eddy  along  the  north  bank.  Flow  from  the  south 
fishway  was  satisfactory  with  all  flows.  Flow  in  the  tailrace  chan¬ 
nel  was  generally  satisfactory;  however,  small  areas  of  slack  water 
or  small  eddies  occurred  along  the  left  bank  of  the  channel  (photo¬ 
graph  18).  Maximum  velocities  of  6  fps  occurred  near  the  right  bank 
but  were  generally  far  enough  offshore  to  not  be  a  problem  for 
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migrating  fish.  Flow  conditions  st  the  confluence  of  the  tsilrace 
channel  with  the  spillway  and  existing  powerhouse  channel  were  sat¬ 
isfactory  with  the  exception  that  a  snail  eddy  existed  on  the  down¬ 
stream  end  of  Bradford  Island. 

47.  Four  modifications  to  the  original  Plan  C-6A  tailrace  run¬ 
out  were  studied  to  determine  the  effects  on  flow  conditions  at  the 
north  fishway  entrance.  The  plans  tested  were  as  follows: 

a.  Constant  runout  slope  of  1V:3.38H  to  elevation  -20. 

b.  Training  wall  between  units  17  and  18  at  elevation  -25. 

c.  Training  wall  between  units  17  and  18  at  elevation  -38. 

d.  Training  wall  between  units  17  and  18  at  elevation  -25 

with  a  constant  runout  slope  to  elevation  -20. 

Flow  patterns  with  the  original  plan  and  the  modifications  were 
observed  with  river  discharges  of  168,400,  360,000,  and  510,000  cfs. 
Flow  conditions  existing  with  a  discharge  of  360,000  cfs  for  each 
plan  are  shown  on  plates  30  through  34.  The  tests  indicated  that 
flow  conditions  at  the  fishway  entrance  were  improved  by  the  train¬ 
ing  wall  (photographs  19  through  22). 

48.  In  an  attempt  to  improve  attraction  conditions  for  migrating 
fish,  tailrace  channel  Plan  C-6B  was  devised  and  tested.  This  plan 
decreased  the  excavation  of  the  original  design  Plan  C-6A  (plate  23) 
by  leaving  the  downstream  end  of  Bradford  Island  in  its  existing  con¬ 
dition.  With  a  powerhouse  discharge  of  160,000  cfs,  this  plan  pro¬ 
duced  a  higher  tailwater  at  the  powerhouse  and  resulted  in  a  loss  in 
power  head  of  0.6  feet  and  1.3  feet  with  river  discharges  of  309,400 
and  208,400  cfs,  respectively.  Most  of  the  eddies  that  occurred 
along  the  left  bank  with  the  original  design  were  still  present 
(photograph  23). 
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49.  The  Plan  C-6C  tailrace  channel  raised  the  excavated  invert 
10  feet  to  elevation  -10.  Velocities  increased  slightly,  and  head 
loss  on  the  powerhouse  increased  to  1.7  feet  with  a  208,400-cfs 
river  discharge  (160,000  cfs  through  the  Site  C  powerhouse).  Slack 
water  areas  still  existed  along  the  banks  (photograph  24).  The  Plan 
C-6D  tailrace  channel  design  realined  the  banks  (photograph  25)  to 
produce  downstream  flew  along  them. 

50.  The  loss  of  power  (due  to  an  increase  in  tailwater)  created 
by  reducing  the  invert  elevation  to  elevation  -10  (Plans  C-6C  and 
C-6D)  was  too  great  to  justify,  but  the  realined  banks  of  Plan  C-6D 
produced  good  fish  attraction  flow  and  satisfactory  bank  velocities. 
The  Plan  C-6E  (proposed  final  design)  tailrace  channel  incorporated 
the  realined  banks  of  Plan  C-6D  and  an  invert  excavated  to  elevation 
-20. 
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51.  The  Plan  C-6E  tailrace  channel  was  tested  to  determine  bank 
velocities  and  fish  attraction  conditions.  Velocities  along  the 
right  bank  2,500  feet  downstream  from  the  powerhouse  were  measured 
with  river  discharges  of  168,400,  208,400,  and  309,400  cfs  (160,000 
cfs  through  the  Site  C-3  powerhouse  for  all  flows).  The  maximum 
velocities  4  feet  from  the  bank  were  4.9,  4.1,  and  3.7  fps. 

52.  Flow  conditions  and  velocities  were  observed  downstream 
from  each  of  the  fishway  entrances  in  the  Site  C-3  powerhouse  with 
the  Plan  C-6E  tailrace  and  river  discharges  ranging  from  80,000  to 
510,000  cfs  with  varied  Site  C-3  powerhouse  discharge.  Velocities 
and  surface  flow  with  partial  operation  of  the  powerhouse  and  river 
discharges  of  80,000  and  148,000  cfs  are  shown  on  plate  35  and  photo¬ 
graph  26.  Velocities  and  surface  flow  with  river  discharges  of 
168,400  through  360,000  cfs  and  full  powerhouse  operation  are  shown 
on  plates  36  through  38  and  photographs  27  through  29.  Conditions 
with  a  river  discharge  of  510,000  cfs  are  shown  on  plate  39.  Flow 
conditions  in  the  tailrace  channel  were  satisfactory  with  all  the 
discharges . 
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53.  An  investigation  was  made  of  the  effects  on  backwater  (at 
the  dan  structures)  resulting  from  restricting  the  flood  plain  with 
fill  at  Hamilton  Island  and  the  proposed  relocated  town  site  of  North 
Bonneville,  Washington.  The  data  collected  include  flew  conditions 
and  water  surface  elevations  both  upstream  and  downstream  of  the 
structures.  The  existing  and  proposed  topographies  of  Hamilton 
Island  and  the  adjoining  area  are  shown  on  plates  40  and  41,  respec¬ 
tively. 


54.  The  following  flow  conditions  were  studied: 


Discharge,  cfs 

Water  Elevation,  feel 

River 

Discharge 

Existing 

Powerhouse 

Plan  C 
Powerhouse 

Spillway* 

Pool 
(Gage  R) 

Tailwater 
(Gage  9) 

700,000 

142,000 

160,000 

398, 000(G) 

74.0 

35.6 

700,000 

Cl osed 

Closed 

700, 000(G) 

74.0 

35.6 

850,000 

143,000 

160,000 

547, 000(G) 

75.5 

39.9 

850,000 

Closed 

Closed 

850, 000(G) 

75.5 

39.9 

1,000,000 

143,000 

160,000 

697, 000(G) 

75.5 

43.7 

1,000,000 

Closed 

Cl osed 

1,000,000(G) 

75.5 

43.7 

1,200,000 

143,000 

160,000 

897.000(G) 

75.5 

48.3 

1,200,000 

Closed 

Closed 

1,200,000(0 

75.5 

48.3 

1,420,000 

143,000 

160,000 

1,117,000(0 

75.5 

52.6 

1,420,000 

Closed 

Cl osed 

1 , 420, 000(U) 

— 

52.6 

1,700,000 

Closed 

Closed 

1,700,000(0 

— 

— 

2,100,000 

Closed 

Cl osed 

2,100,000(0 

— 

64.0 

*  (G)  and 

(U)  refer  to 

gated  and  ungated  spillway 

operation, 

respec- 

tively.  With  the  two  highest  discharges  tested,  a  portion  of  the 
water  overtopped  Bradford  Island  as  well  as  the  lock  and  powerhouse 


structures . 


All  powerhouse  units  were  operated  at  full  capacity  when  in  use.  A 
fish  attraction  flow  of  2,400  cfs  was  passed  through  the  exterior 
spillway  bays  at  river  discharges  of  700,000  and  850,000  cfs.  Spill¬ 
way  flow  with  river  discharges  of  1,000,000  through  1,420,000  cfs 
was  not  passed  uniformly  through  all  spillway  bays. 
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55.  The  fill  increased  tailwater  at  the  Plan  C  powerhouse  (Gage 
T3)  by  1.7  and  2.2  feet  with  a  discharge  of  1,420,000  cfs  (spillway 
and  both  powerhouses  operating)  and  2,100,000  cfs  (spillway  flow 
only),  respectively.  With  the  same  discharges,  the  increases  were 
1.6  and  2.7  feet  at  the  existing  powerhouse  (Gage  TW)  and  1.3  and 
1.6  feet  at  the  spillway  (Gage  Tl).  Backwater  effects  from  the  fill 
were  apparent  in  the  pool  with  only  the  two  highest  river  discharges 
(1,700,000  and  2,100,000  cfs).  The  maximum  increase  in  pool  level 
was  1  foot  at  the  spillway  (Gage  R)  with  2,100,000  cfs.  Bradford 
Island  and  the  two  navigation  locks  were  overtopped  during  the  two 
highest  discharges  both  with  or  without  the  fill.  The  island 
between  the  spillway  and  the  Plan  C  powerhouse  was  also  overtopped 
with  the  higher  discharge. 

56.  A  small  portion  of  the  new  town  site  of  North  Bonneville  was 
inundated  during  a  river  discharge  of  1,000,000  cfs.  The  inundation 
of  the  town  increased  to  approximately  elevation  65  (25  feet  deep) 
with  a  river  discharge  of  2,100,000  cfs. 

Approach  Channel 

57.  The  original-design  (Plan  C-l)  approach  channel  is  shown  on 
plate  23  and  photograph  11.  Flow  patterns  and  velocities  in  the 
approach  channel  with  river  discharges  of  168,400,  220,000,  360,000, 
and  510,000  cfs  (160,000-cfs  Site  C-3  powerhouse  discharge)  are 
shown  on  plates  42  and  43.  Conditions  in  the  forebay  channel  were 
satisfactory  with  all  flows  except  510,000  cfs  when  downstream  flow 
separated  from  the  right  bank  and  a  large  eddy  formed  along  the  bank 
from  the  powerhouse  to  beyond  the  fishway  exit  (photograph  30). 

Flow  at  the  fishway  exit  was  in  the  upstream  direction.  With  lower 
discharges,  good  downstresm  flow  occurred  at  the  fishway  exit. 

58.  Approach  conditions  and  flow  distribution  were  improved 
when  the  left  bank  upstream  from  the  powerhouse  was  curved  (approach 
Plan  C-2)  as  shown  on  plate  44.  Velocities  along  the  slope  of  the 
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left  bank  ranged  from  less  chan  1  fps  at  360,000  cfs  Co  5  fpa  aC  a 
1 ,420,000-cf s  river  discharge  (160,000-cfs  Sice  C-3  powerhouse  dis¬ 
charge).  The  flow  impacC  on  Che  face  of  Che  powerhouse  was  shifCed 
Co  Che  righc,  and  Cransverse  flow  aC  Che  powerhouse  was  reduced. 
Velocicies  along  Che  face  of  Che  powerhouse  upscream  from  each  unic 
are  lisCed  in  cable  F.  Surface  swirls  chac  had  been  observed  trav- 
eling  the  full  length  of  the  powerhouse  with  the  Plan  C-l  approach 
were  reduced  to  an  occasional  swirl  at  either  end.  Bottom  veloci¬ 
ties  at  Che  Cop  of  the  approach  slope  ranged  from  5  Co  13  fps  with 
flows  of  360,000,  510,000,  700,000,  850,000,  and  1,400,000  cfs. 

Flow  conditions  for  360,000-  and  1 , 420, 000-c fs  river  discharges  are 
shown  on  plate  44. 

59.  An  alternative  excavation  plan  (approach  Plan  C-3)  which 
included  a  constant  1V:5H  approach  slope  to  the  powerhouse  was  also 
tested.  Flow  conditions  with  Plan  C-3  are  shown  on  place  45.  Vel¬ 
ocities  along  the  left  bank  increased  slighcly  for  the  observed 
flows.  Velocicies  along  Che  upstream  face  of  the  powerhouse  are 
listed  in  table  G. 

60.  The  Plan  C-4  approach  channel  represented  the  contractor's 
proposed  excavation  and  allowed  a  larger  work  area.  General  flow 
conditions  in  the  approach  channel  (plate  46)  were  the  same  as  those 
with  Plans  C-2  and  C-3.  Velocities  along  the  left  bank  ranged  from 
2  fps  at  360,000  cfs  to  6  fps  at  1,420,000  cfs;  at  the  top  of  the 
approach  slope,  the  maximum  bottom  velocity  was  11  fps.  A  maximum 
bottom  velocity  of  14  fps  was  observed  on  the  toe  of  the  left  bank 
indicating  the  need  for  riprap  protection.  Velocities  along  the 
upstream  face  of  the  powerhouse  are  listed  in  table  H.  Flow  pat¬ 
terns  near  the  fishway  exit  on  the  right  bank  were  good  at  discharges 
up  to  440,000  cfs;  at  larger  discharges  the  eddy  at  the  north  end  of 
the  powerhouse  became  large  enough  to  create  upstream  flew  at  the 
exit. 
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61.  Additional  refinements  were  developed  for  the  left  bank  of 
the  approach  channel.  The  top  of  the  original  curved  nose  on  the 
island  between  the  powerhouse  and  spillway  was  lowered  10  feet  to 
elevation  80  and  then  shortened  by  distances  of  50,  75,  and  100  feet. 
Flow  conditions  with  each  plan  were  observed  for  discharges  of 
360,000  and  1,420,000  cfs.  The  plan  with  the  nose  50  feet  shorter 
produced  the  best  flew  conditions  in  the  forebay  and  at  the  fishway 
exit  and  was  selected  as  the  final  design  approach  channel. 

62.  Tests  were  made  with  the  final-design  approach  channel  using 
the  proposed  schedule  for  bringing  each  new  unit  on  line  with  the 
minimum  and  maximum  river  discharges  that  might  occur  at  that  time 

of  year  (tables  I  and  J).  Project  operation  flow  conditions  prior 
to  activating  the  second  powerhouse  (plate  47)  and  with  only  unit  18 
on  line  (plate  48)  produced  flow  conditions  along  the  Washington 
shore  that  were  poor  for  upstream  fish  migration.  Flow  along  the 
shore  between  the  powerhouse  and  the  fishway  exit  was  in  the  upstream 
direction  and  did  not  provide  conditions  conducive  to  fish  guidance. 
Flaw  conditions  improved  when  unit  17  was  brought  on  line  (plate  49) 
and  slow  downstream  flow  occurred  near  the  fishway  exit.  Conditions 
improved  further  with  the  addition  of  unit  16.  As  the  remaining 
units  were  added,  flow  conditions  continued  to  improve  until  down¬ 
stream  velocities  along  the  Washington  shore  reached  a  maximum  of  4 
fps.  A  maximtsn  river  flow  of  313,000  cfs  was  observed  with  six  of 
the  eight  units  operating.  Flow  conditions  with  all  eight  units 
available  but  only  six  (147,000  cfs  river  discharge)  units  operating 
or  two  (69,000  cfs  river  discharge)  units  operating  are  shown  on 
plate  50.  The  model  indicated  that  the  proposed  operating  schedule 
provided  flow  conditions  in  the  forebay  that  were  adequate  for 
upstream  fish  migration. 

63.  During  project  construction  it  became  apparent  that  the 
as-built  upstream  nose  of  Cascade  Island  had  considerably  more  native 
material  left  in  place  than  anticipated  in  the  plans  previously  model 
tested.  Flow  conditions  (plate  51)  were  observed  in  the  as-built 
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forebay  with  river  discharges  of  360,000  and  420,000  cfs  (160,000-cfs 
powerhouse  flew)  to  detensine  if  the  change  in  bank  configuration  had 
any  adverse  effect  on  either  flow  to  the  powerhouse  or  fish  passage 
conditions.  With  a  discharge  of  360,000  cfs,  fish  migration  condi¬ 
tions  on  the  right  bank  were  unchanged  from  that  of  the  design  con¬ 
dition.  The  point  of  flow  division  on  the  face  of  the  powerhouse 
was  shifted  slightly  but  this  caused  no  eddies  or  flow  disturbances. 
Velocities  over  the  point  of  Cascade  Island  were  no  greater  than  4 
fps.  The  420,000-cfs  discharge  flow  conditions  were  approximately 
the  same  as  those  which  occurred  with  360,000  cfs — good  downstream 
flow  occurring  near  the  fishway  exit  and  flow  into  the  face  of  the 
powerhouse  remaining  relatively  unchanged.  Division  of  flow  on  the 
nose  of  the  island  was  nearer  the  center  with  maximum  velocities  of 
4  or  5  fps.  A  brief  test  of  850,000  cfs  showed  the  flow  to  split 
exactly  on  the  center  of  the  nose  with  velocities  of  10  or  11  fps. 

The  tests  with  the  as-built  forebay  showed  that  only  minor  changes 
in  local  flow  conditions  resulted  from  the  departure  from  previously 
proposed  and  tested  forebay  configurations.  Flow  to  the  powerhouse 
at  the  nose  of  Cascade  Island  and  at  the  fishway  exit  was  satisfac¬ 
tory. 

Turbidity  Studies 


64.  Turbidity  tests  made  to  simulate  loose  material  movement  in 
the  newly  excavated  Site  C  downstream  channel  were  conducted  in  two 
phases.  In  Phase  l,  observations  were  made  to  simulate  the  disper¬ 
sion  of  turbid  water  in  the  downstream  channel  after  removal  of  the 
cofferdam.  In  Phase  2,  velocities  and  flow  directions  in  the  chan¬ 
nel  were  observed  to  simulate  the  effect  of  individual  power  units 
being  activated.  These  hydraulic  conditions  will  affect  the  flush¬ 
ing  of  fine  material  from  the  excavated  channel  into  the  river. 


Phase  1 


65.  For  Che  tests,  a  heavy  concentration  of  dye  was  placed  in 
the  excavated  channel  and  a  plywood  bulkhead  was  placed  across  the 
downstream  end.  The  bulkhead  was  removed  and  water  samples  were 
taken  at  four  points  at  each  of  the  four  ranges  downstream  (plate 
52)  at  selected  time  intervals.  Turbidity  was  measured  as  percent 
concentration  of  the  original  concentration  of  dye  in  the  excavated 
channel . 


66.  Two  operating  conditions  were  individually  tested  four 
times.  The  first  condition  involved  a  240,000-cfs  river  discharge 
with  141,000  cfs  through  the  existing  powerhouse  and  99,000  cfs  over 
the  spillway.  The  dye  was  slowly  pulled  out  of  the  excavated  chan¬ 
nel  by  flow  moving  past  the  downstream  end  of  Cascade  Island  (between 
the  Site  C-3  powerhouse  and  the  spillway).  Maximum  concentration  at 
all  ranges  occurred  after  about  3  hours  of  model  operation  and  aver¬ 
aged  5.7  percent.  At  the  end  of  18  hours,  the  concentration  in  the 
excavated  channel  was  still  quite  strong  in  the  upper  end  of  the 
excavated  channel  and  1  to  2  percent  moved  past  the  tip  of  Cascade 
Island. 


67.  The  second  condition  tested  had  the  same  powerhouse  and 
spillway  flow  as  the  first  condition  but  also  included  3,400  cfs 
through  the  Site  C-3  powerhouse  fishway  system — 1,000  cfs  through 
the  collection  system  and  1,200  cfs  through  both  the  north  and  south 
fishway  entrances  (243,400-cfs  river  discharge).  Maximw  concentra¬ 
tion  at  all  ranges  occurred  after  about  3  hours  of  operation  and 
averaged  13.6  percent.  The  channel  was  flushed  clean  after  18  hours. 

Phase  2 


68.  Observation  of  velocities  and  flow  direction  were  made  with 
four  river  discharges  ranging  from  186,800  to  264,400  cfs.  The 
existing  powerhouse  was  operated  at  full  capacity.  With  the  two 
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lower  riverflows,  2,400  cfs  was  spilled  through  spillway  bays  1  and 
18  as  fish  attraction  flew.  With  the  two  higher  flows,  100,000  cfs 
was  spilled  uniformly  through  all  18  spillway  bays. 

69.  With  the  two  lower  flows  (186,800  and  206,800  cfs),  two  and 
three  units  of  the  Site  C-3  powerhouse  were  operated  and  partial 
flow  was  released  from  the  fish  facilities.  Flow  in  the  new  channel 
reached  velocities  of  4  to  6  fps  along  the  channel  invert  near  the 
Site  C-3  powerhouse,  3  fps  or  less  downstream  from  the  junction  with 
the  spillway  channel,  and  as  high  as  6  fps  downstream  from  the  exist¬ 
ing  powerhouse  channel.  In  the  Site  C  downstream  channel,  flow  was 
strongest  along  the  right  side  with  upstream  flow  and  eddies  along 
the  left  side. 

70.  With  the  two  higher  discharges  (249,400  and  264,400  cfs),  a 
single  Site  C-3  powerhouse  unit  (No.  18)  at  the  north  end  of  the 
structure  was  operated  along  with  the  fish  facilities.  The  power¬ 
house  unit  was  operated  with  5,000  and  20,000  cfs  (249,400-  and 
264,400-cfs  river  discharges,  respectively).  Invert  velocities  in 
the  upstream  half  of  the  Site  C  downstream  channel  were  less  than 

1  fps  with  the  low  unit  discharge  and  from  2  to  4  fps  with  the  high 
unit  discharge.  Flow  along  the  left  bank  was  slack  or  drifted 
upstream.  Invert  velocities  immediately  downstream  of  the  spillway 
channel  were  4  to  5  fps.  Invert  velocities  immediately  downstream 
of  the  existing  powerhouse  channel  were  4  to  7  fps.  The  higher 
velocities  continued  past  Hamilton  Island. 

Project  Operation  For  Fish  Passage  Studies 

71.  Power  unit  scheduling  tests  were  conducted  to  provide  data 
for  determining  the  best  combination  of  flows  from  the  two  power¬ 
houses  to  facilitate  fish  passage  at  the  main  fishway  entrances  and 
exits  and  to  define  flow  conditions  at  the  existing  and  proposed 
navigation  lock  approaches.  The  operating  conditions  studied  were 
those  expected  to  occur  during  the  interim  period  when  the  second 
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powerhouse  would  be  brought  up  to  full  operation  and  the  project 
completed.  Tests  were  conducted  at  six  river  discharges  (80,000, 
100,000,  180,000,  312,000,  350,000,  and  510,000  cfs)  representing 
the  full  range  of  flows  for  adult  fish  passage. 

80t000-cf8  River  Discharge 

72.  With  a  river  discharge  of  80,000  cfs  and  only  unit  18  oper¬ 
ating  in  the  second  powerhouse  (north  shore  unit  first  on  line), 
flow  directions  and  velocities  were  good  for  fish  passage  along  the 
north  bank  of  the  tailrace,  at  the  north  fishway  entrance,  and  at 
the  juvenile  bypass  outlet  downstream  from  units  16  and  17.  A 
large,  slow  eddy  (velocity  less  :n  1  fps)  formed  in  the  tailrace 
at  the  south  end  of  the  powerhouse.  The  10-fps  outflow  from  the 
south  fishway  entrance  was  quickly  dissipated  in  the  slow  eddy.  All 
fish  attraction  in  the  tailrace  was  at  the  north  shore  fishway 
entrance.  When  only  unit  17  was  operating,  flew  along  the  north 
bank  was  downstream  but  very  slow  near  the  fishway  entrances.  The 
main  attraction  flow  was  along  the  toe  of  the  north  bank  to  the  boil 
of  unit  17.  Flow  at  the  south  bank  was  identical  to  conditions  with 
only  unit  18  operating.  With  only  unit  16  operating,  flow  along  the 
north  bank  was  upstream  and  fish  attraction  was  poor  at  all  main 
entrances.  With  units  16,  17,  and  18  operating  simultaneously,  flow 
conditions  were  excellent  at  the  north  fishway  entrance.  Fish 
attraction  to  the  south  entrance  was  nearly  nonexisterc. 

73.  With  units  1,  2,  and  10  operating  in  the  existing  power¬ 
house,  good  downstream  flow  occurred  along  both  banks  of  the  tail- 
race  and  past  the  juvenile  outfall  structure  downstream  from  unit 
10.  Little  change  in  the  flow  pattern  occurred  if  unit  9  was  oper¬ 
ated  instead  of  unit  2. 

74.  Flow  conditions  throughout  the  tailrace,  in  the  forebays, 
and  at  the  navigation  lock  approaches  with  units  1,  2,  and  10  (exist' 
ing  powerhouse)  and  16,  17,  and  18  (second  powerhouse)  operating  are 
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shown  on  plate  S3.  At  the  Bradford  Island  (upstream)  exit,  a  very 
slow  eddy  occurred  that  would  attract  fish  toward  the  powerhouse, 
then  into  the  middle  of  the  forebay,  and  finally  upstream  into  the 
reservoir.  Flow  conditions  were  good  at  all  lock  approaches. 

lOO.OOQ-cfs  River  Discharge 

75.  With  a  riverflow  of  100,000  cfs  and  a  good  balance  of  flow 
between  the  powerhouses,  four  units  of  the  new  powerhouse  could  be 
operated.  When  units  11,  16,  17,  and  18  of  the  second  powerhouse 
were  operated,  flew  along  the  north  bank  and  by  the  outfall  struc¬ 
ture  was  good  for  fish  passage  but  flow  along  the  south  bank  was 
upstream  (plate  54).  At  a  distance  of  75  to  100  feet  out  from  the 
toe  of  the  south  bank,  flow  was  downstream  with  velocities  2  to  3 
fps  and  offered  good  attraction  directly  to  the  downstream  south 
fishway  entrance.  Flow  from  units  1,  2,  and  10  of  the  existing 
powerhouse  provided  good  fish  passage  conditions  along  both  banka  of 
the  tailrace.  Velocities  and  flow  directions  at  the  lock  approaches 
were  good . 

18Qt00Q-cf8  River  Discharge 

76.  With  units  11  through  13  and  16  through  18  of  the  second 
powerhouse  and  units  1  through  4  and  7  through  10  of  the  existing 
powerhouse  in  operation  with  a  river  discharge  of  180,000  cfs,  gen¬ 
eral  flow  conditions  were  as  shown  on  plate  55.  Flows  along  both 
banks  of  both  tail  races  were  good  both  for  attraction  to  all  the 
main  fishway  entrances  for  juvenile  release  at  the  outfalls.  Attrac 
tion  flows  at  both  fishway  exits  were  better  than  those  occurring 
with  lower  discharges.  Flow  at  both  upstream  lock  approaches  was 
good,  but  flow  at  the  downstream  approaches  was  5  to  6  fps  in  the 
reaches  where  towboats  turn  across  the  flow  to  enter  or  exit  the 
approach  channel. 
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312,000-cfs  River  Discharge 

77.  With  a  river  diacharge  of  312,000  cfa  all  18  powerhouse 
unita  could  be  operated  with  minimal  apill  for  fiah  attraction  in 
the  spillway  channel.  General  flow  conditiona  are  ahown  on  plate 
56.  Flows  along  the  south  bank  of  the  second  powerhouse  tailrace 
and  both  banka  of  the  existing  tailrace  were  good  for  fiah  attrac¬ 
tion;  flow  along  the  north  bank  of  the  second  powerhouae  tailrace 
was  acceptable  but  not  as  strong  as  with  100,000-  and  180,000-cfa 
river  discharges.  Attraction  flows  at  the  fishway  exits  were  better 
than  with  lower  discharges.  Good  flow  conditions  occurred  at  both 
juvenile  outfalls.  Flow  conditions  at  the  upstream  approach  to  the 
existing  lock  were  acceptable;  however  velocities  of  A  to  6  fps 
existed  at  the  upstream  approach  to  the  proposed  new  lock  and  would 
make  exiting  difficult.  Velocities  in  the  turn  areas  to  the  down¬ 
stream  lock  approaches  were  5  to  8  fps,  and  towboats  would  have  to 
maneuver  carefully  in  these  areas.  Flow  at  the  downstream  lock 
approaches  with  discharge  from  the  second  powerhouse  was  generally 
the  same  as  that  occurring  under  the  old  project  operating  condition 
when  the  spillway  was  operating. 

350,000-cfa  River  Discharge 

78.  General  flow  conditions  with  a  river  discharge  of  350,000 
cfs,  all  18  powerhouse  units  operating,  and  47,500  cfs  being  spilled 
are  shown  on  plate  57.  Fish  attraction  flows  and  juvenile  release 
flows  in  both  tailraces  were  satisfactory.  Flow  conditions  were 
good  at  both  fishway  exits.  Velocities  were  higher  than  desired  at 
all  lock  approaches. 

510,000-cfs  River  Discharge 

79.  General  flow  conditions  with  a  river  discharge  of  510,000 
cfs,  all  18  units  operating,  and  225,000  cfs  being  spilled  are  shown 
on  plate  58.  Flows  for  fish  attraction  and  juvenile  release  were 
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satisfactory-  High  velocities  at  the  downstream  end  of  Bradford 
Island  and  along  the  south  bank  downstrean  from  the  project  would 
hinder  fish  passage  to  the  tailrace.  Flow  conditions  were  good  at 
the  Bradford  Island  fishway  exit  but  were  unsatisfactory  at  the 
north  shore  exit.  Velocities  were  higher  than  desired  at  all  lock 
approaches . 


Ice  and  Trash  Chute 


80.  The  second  powerhouse  ice  and  trash  chute,  which  includes 
the  emergency  fishwater  supply  intake,  was  reproduced  in  a  1 :20-scale 
model.  Initially  the  model  included  the  original-design  proposal  but 
the  fishwater  intake  was  omitted  (photograph  31).  Later  the  chute 
was  modeled  with  a  revised  headwall,  and  the  fishwater  intake  was 
included  (photograph  32).  Details  of  the  initial  and  modified  chute 
models  and  the  emergency  fishwater  supply  intake  are  shown  on  plates 
59,  60,  and  61,  respectively. 

81.  Observations  in  the  initial  model  were  made  with  a  discharge 
of  2,200  cfs  and  each  of  the  following  three  inflow  conditions  pro¬ 
posed  for  use  during  fishwater  withdrawal: 

a.  Control  gate  set  for  undershot  flow  with  a  sloped  floor 
immediately  downstream  from  the  gate. 

b.  Undershot  inflow  with  a  stepped  floor  at  the  gate. 

c.  Overshot  inflow  with  a  stepped  floor. 

With  all  three  conditions,  the  toe  of  the  hydraulic  jump  was  in  the 
curved  section  of  the  chute  and  the  jump  was  fully  formed  approxi¬ 
mately  50  feet  upstream  from  the  fishwater  intake  (photograph  33). 
Spray  and  occasional  waves  along  the  walls  wet  the  roof  between  the 
jiasp  and  the  fishwater  intake.  Freeboard  in  the  chute  was  a  minimus 
of  1  to  2  feet.  Water  surface  profiles  in  the  chute  (plate  62)  show 
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that  the  hydraulic  jump  would  not  interfere  with  withdrawal  of  water 
for  the  fishways.  Velocity  distribution  across  the  chute  was  uni¬ 
form  at  the  fishwater  intake  with  all  conditions  (plate  63). 

82.  The  passage  of  trash  was  observed  with  the  original  head- 
wall  plan,  and  500  cfs  overshot  inflow.  Simulated  logs  as  long  as 
60  feet  passed  through  the  chute  satisfactorily.  Occasionally  a 
60-foot-long  log  hit  the  lower  edge  of  the  headwall. 

83.  The  revised  model  was  tested  with  ah  inflow  of  2,200  cfs 
without  stoplogs  on  the  intake  control  weirs  and  with  stoplog9  to 
elevation  46.5  at  the  downstream  end  of  the  chute.  The  water  sur¬ 
face  in  the  chute  was  at  elevation  48.5.  Approximately  2,000  cfs 
was  discharged  through  the  fishwater  intake,  and  200  cfs  spilled 
from  the  chute.  When  the  stoplogs  at  the  downstream  end  of  the  chute 
were  raised  to  elevation  49.5,  the  water  surface  rose  to  elevation 
49.0  and  the  entire  2,200  cfs  passed  through  the  fishwater  intake. 
Flow  through  the  fishwater  intake  was  satisfactory  with  both  condi¬ 
tions  . 

84.  With  an  overshot  inflow  of  2,200  cfs  and  fishwater  with¬ 
drawal  of  2,000  cfs,  logs  that  entered  the  chute  did  not  hit  the 
revised  headwall.  The  logs  were  swept  along  on  the  water  surface  to 
just  beyond  the  fishwater  intake  where  they  were  held  in  place  by 
the  low-velocity  upstream  surface  flow.  Long  logs  passed  to  that 
point  satisfactorily,  short  logs  were  occasionally  bounced  against 
the  roof  by  waves.  No  logs  accumulated  along  the  curtain  wall  at 
the  fishwater  intake. 


PART  VI:  SUMMARY 
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85.  The  Bonneville  second  powerhouse  project  was  proposed  to 
increase  the  power-generating  capacity  of  the  Bonneville  Dam  project. 
A  1  :100-8cale  comprehensive  model  was  employed  to  investigate  pro¬ 
posed  powerhouse  sites,  to  aid  in  the  design  of  the  powerhouse  chan¬ 
nels,  and  to  conduct  project  operation  studies.  Powerhouse  outflow 
conditions  were  investigated  with  1:80-  and  1 :40-scale  models  of  a 
single  powerhouse  unit.  A  l:20-scale  model  of  the  ice  and  trash 
chute  was  employed  to  assist  in  design  of  the  chute  and  to  investi¬ 
gate  flow  conditions  at  the  emergency  fishwater  intake. 

86.  Three  separate  powerhouse  and  nav-jation  lock  concepts  were 
tested — Sites  D  and  E  located  on  the  south  shore  and  Site  C  (final 
design  location)  on  the  north  shore.  The  Site  D  concept  included  a 
six-unit  powerhouse  adjacent  to  the  existing  powerhouse  with  the 
navigation  lock  immediately  left  (south)  of  the  Site  D  powerhouse. 

The  Site  E  concept  consisted  of  an  eight-unit  powerhouse  adjacent  to 
the  existing  powerhouse  with  the  navigation  lock  on  the  north  shore 
of  the  river  to  the  right  of  the  spillway. 

87.  Model  tests  indicated  that  with  some  design  modifications 
all  three  concepts  were  hydraulically  acceptable.  In  order  to  pro¬ 
vide  acceptable  flow  conditions  in  the  approaches  to  the  powerhouses 
and/or  navigation  locks,  excavation  of  Bradford  Island  was  required 
with  all  plans.  The  eight-unit  Site  C  plan  provided  greater  net 
benefits  than  any  other  site  within  the  operating  limits  which  were 
set  for  environmental  reasons,  and  it  was  ultimately  selected  for 
final  design. 

88.  The  Site  C  concept  included  the  second  powerhouse  located 
on  the  north  (Washington)  shore  to  the  right  of  the  spillway  with 
the  proposed  future  navigation  lock  (not  included  in  these  model 
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studies)  located  along  the  south  shore.  Several  modifications  to 
the  Site  C  concept  were  made  in  the  model  leading  to  development  of 
the  final  design  Site  C-3  plan. 

89.  Various  acceptable  design  alternatives  were  developed  for 
the  draft  tube  exit  area  and  left  wall  downstream  from  the  power¬ 
house  to  improve  flow  conditions  near  the  fishway  entrances  located 
in  the  left  wail.  A  training  wall  was  added  in  the  tailrace  runout 
between  units  17  and  18  to  improve  flow  conditions  near  the  north 
sh^re  fishway  entrance.  The  original  design  banks  of  the  tailrace 
channel  were  realigned  to  produce  good  fish  attraction  flow  and  sat¬ 
isfactory  velocities  along  the  banks.  The  tests  indicated  that 
raising  the  tailrace  cha  mel  invert  above  elevation  -20  could  not  be 
justified  because  the  resulting  loss  of  power  (due  to  the  increase 
in  tailwater  at  the  powerhouse)  was  too  great. 

90.  Tests  led  to  a  modification  (curving)  of  the  original  design 
left  bank  of  the  approach  channel.  The  curved  design  reduced  trans¬ 
verse  flow  and  virtually  eliminated  surface  swirls  along  the  upstream 
face  of  the  powerhouse  that  had  been  observed  in  the  original  design. 

91.  An  ice  and  trash  chute  is  located  along  the  left  side  of 
the  second  powerhouse.  An  emergency  fishwater  supply  intake  is 
incorporated  into  the  wall  of  the  chute.  Tests  revealed  that  opera¬ 
tion  of  the  chute  and  location  of  the  fishwater  supply  intake  were 
acceptable.  With  all  operating  conditions  tested,  the  hydraulic  jump 
occurred  upstream  of  the  fishwater  supply  intake  and  a  laterally  uni¬ 
form  velocity  distribution  existed  at  the  intake.  Logs  passed  down 
the  chute  satisfactorily  and  did  not  accumulate  near  the  fishwater 
supply  intake. 


WATER- SURFACE  ELEVATIONS  AT  RIVER  GAGES 


NOTES:  1.  Plans  shown  on  platss  16  through  19 

2.  Gag*  locations  shown  on  plats  15. 

3.  Pool  alavation  sat  at  spillway  gaga 
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WATER-SURFACE  ELEVATIONS 
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NOTES)  1.  Bradford  laland  plan  5  accavatlon  shown  on  plate  17. 

2.  Bradford  Island  plans  (A  to  <E  eccavations  shown 
on  plate  21. 

3.  Eagle  Point  plans  shown  on  plats  II. 

4.  Boat  and  Picture  Nocks  shown  on  platas  2  and  II. 

5.  Pool  elevation  set  at  spillway  gags  N. 

4.  Cage  locations  shown  on  plats  IS. 
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EFFECT  OF  TAILRACE  EXCAVATION  ON 
WATER-SURFACE  ELEVATIONS 
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G*9®  locations  shown  on  plates  3  and  21.  **  Tailwater  control  qaoe 

No  data  obtained. 
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TABLE  E 

FLOW  CONDITIONS  DOWNSTREAM 
FROM  LEFT  POWERHOUSE  UNIT 

Unit  Dischacge  22,000  cts 
Runout  Slop*  IV  on  2H 


VELOCITIES  nLONG  FACE  OF  SITE  C  POWERHOUSE 
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VELOCITIES  ALONG  FACE  OF  SITE  C  POWERHOUSE 


NOTES:  1.  Site  C  powerhouse  160,000  cfs  except  with  river  discharge  1,420,000  c£s,  then  117,000  cfs 

2.  T*5-it  depth,  M*ir  id-depth ,  B  =  5  ft  above  bottom. 

3.  Direction  of  flow  in  degrees  right  i.'tt  from  perpendicular  to  powerhouse. 

4.  Velocity  in  feet  pet  second. 
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SECOND  POWERHOUSE  OPERATION  SCHEDULE 


Photograph  4.  Site  E  powerhouse  and  navigation  lock. 

Flow  conditions  in  upstream  navigation 
approach  channel ,  channel  entrance, 
river  discharge  600,000  cfs,  spillway 
discharge  458,000  cfs,  forebay 
elevation  74.0. 


- 


Photograph  6.  Upstream  approach  channel, 
forebay  elevation  74.0. 


Photograph  7.  Downstream  channel,  tailwater 
elevation  39.1. 


Site  C  powerhouse  and  Bradford  Island  excavation  plan  8. 

Flow  conditions  with  river  discharge  600,000  cfs,  site  C 
powerhouse  discharge  220,000  cfs,  spillway  discharge  238*000  cfs. 
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Photograph  9. 


Dry  bed  showing  temporary  simulation 
of  existing  upstream  end  of  Bradford 
Island. 


tailrace  channel  designs.  River  discharge  220,000 
cfs;  site  C  powerhouse  discharge  220,000  cfs. 


Photograph  12.  Dry  bed  of  It  80-scale  draft 
tube  runout  model. 

Draft  tube  invert  Blope  1V:3.5h. 
Runout  slope  IV: 4H. 


Photograph  13.  Dry  bed  of  1: 40-scale  model  of  powerhouse 
tailrace  wall  showing  original  design  left 
wall. 


Site  C-3  powerhouse 
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Photograph  16.  Dri  bed  with  deflector  over  draft 
tube  exit  with  original  invert 
along  left  wall. 


Photograph  17.  Dry  bed  with  deflector  over  draft 
tube  exit  with  alternative  invert 
along  left  wall. 


Site  C-3  powerhouse  tailrace  wall. 


'  ■/*' 


Photograph  18.  Site  C-3  powerhouse  with  plan  C-6A 
tailrace  channel.  Flow  conditions 
with  river  discharge  309,400  cfs, 
site  C-3  powerhouse  discharge 
160,000  cfs,  spillway  discharge 
2,400  cfs,  fish  facility  discharge 
6,000  cfs,  tailwater  elevation  25.1. 
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Photograph  19.  Original  design. 
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Photograph  20.  Constant  lunout  elope  1V;3.3WH 
to  elevation  -20. 

Original  design  (plan  C-6A)  tailrace  channel.  North 
fishway  entrance  flow  conditions.  River  discharge  360,000  cfs; 
powerhouse  discharge  166,000  cfs;  gage  T-2  elevation 


Photograph  21.  Training  wall  at  elevation  -25.0 


Photograph  22.  Training  wall  at  elevation  -38.0. 

Original  design  (plan  C-6A)  tailrace  channel.  North 
fishway  entrance  flow  conditions.  River  discharge  360,000  cfs; 
powerhouse  discharge  166,000  cfs;  gage  T-2  elevation  28.0. 


Photograph  23.  Plan  C-6B  tailrace  channel.  Flow 

conditions,  river  discharge  309,400 
cfs;  site  C-3  powerhouse  discharge 
160,000  cfs;  existing  powerhouse 
discharge  141,000  cfs;  spillway 
discharge  2,400  cfs;  gage  T-2 
elevation  25.7. 
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Units  17  and  18  operating. 


V. 
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Units  11,  16,  17,  and  18  operating. 


Photograph  26 


Plan  C-6E  (final  design)  tailrace  channel.  Fishway 
entrance  flow  conditions,  river  discharge  80,000  cfs; 
site  C-3  powerhouse  discharge  34,400  cfs;  existing 
powerhouse  discharge  40,000  cfs;  site  C-3  powerhouse 
fish  facility  discharge  3,200  cfs;  gage  T-2  elevation 
9.7. 


Photograph  27.  Plan  06E  (final  design)  tailrace  channel.  , 

Fishway  entrance  flow  conditions ,  river 
discharge  168/400  cfs;  site  03  powerhouse 
discharge  160/000  cfs;  site  03  powerhouse  i 

fish  facilities  discharge  6/000  cfs,  gage  1 

T-2  elevation  16.6.  I 


! 


Photograph  28.  River  discharge  228,400  cfs;  existing 
powerhouse  discharge  60,000  cfs; 
spillway  discharge  2,400  cfs;  gage 
T-2  elevation  20.5. 


Photograph  29.  River  discharge  360,000  cfs;  existing 
powerhouse  discharge  141,000  cfs; 
spillway  discharge  53,000  cfs;  gage 
T-2  elevation  27.9. 

Plan  C-6E  (final  design)  tailrace  channel.  Fishway  entrance 
flow  conditions,  site  03  powerhouse  discharge  160,000  cfs;  site  03 
powerhouse  fish  facilities  discharge  6,000  cfs. 


Photograph  30.  Site  C-3  powerhouse,  plan  C-l  approach 
channel.  Flow  conditions  with  river 
discharge  510,000  cfs;  site  C-3 
powerhouse  discharge  160,000  cfs; 
existing  powerhouse  discharge  141,000 
cfs;  spillway  discharge  203,000  cfs; 
forebay  elevation  73.7. 


Overall  view 


Chute  intake,  control  gate, 
and  upstream  bend 

Photograph  31.  Ice  and  trash  chute,  dry  bed  oi  initial 
plan  without  fishwater  intake  (roof 
removed) . 


Revised  headwall 


Emergency  fishwater  supply  intake 


Photograph  32.  Ice  and  trash  chute f  dry  bed  of  revised 
model  (clear  roof)  with  revised  headwall 
and  emergency  fishwater  supply  intake. 
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Undershot  inflow,  sloped  floor 


Undershot  inflow,  stepped  floor 


Overshot  inflow,  stepped  floor 

Photograph  33.  Ice  and  trash  chute,  hydraulic  jump  in  chute 
with  discharge  2,200  cfs. 
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FLOW  DISTRIBUTION 
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FLOW  CONDITIONS 

UNIFORM  OPERATION  OF  EXISTING  STRUCTURES 
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RFPROtHJCFn  at  government  expense 


FLOW  CONDITIONS 

UNIFORM  OPERATION  OF  EXISTING  STRUCTURES 
RIVER  OISCHARGE  800  000  CFS 


BR  ADF  ORD 
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BRADFORD  ISLAND  EXCAMATION 
PLANS  3  TO  5 


h$J*> 


PLATE  1 7 


•mAHSV 


*mnii 


REPRODUCED  AT  GOVERNMENT  EXPENSE 


LEGEND 

VELOCITIES  MEASURE 0  IN  FP$ 
10 -FT  DEPTH 
20 -FT  DEPTH 


RIVER  DISCHARGES  500 

EXISTING  POWERHOUSE  UNITS  1  TO  10  141 

PLAN  U  POWERHOUSE  UNITS  1  TO  6  152 

SPILLWAY  RAYS  t  AND  IB  2 

SPILLWAY  RAYS  2  TO  17  24 


INCLUDES  FISHWAT  FLOWS 
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PROJECT  LAYOUT 
AND  GAGE  LOCATIONS 

SITE  C-5  POWERHOUSE 


PLAN  C-«A  TAILRACE 
PLAN  C-l  APPROACH 


£  =s 


POWERHOUSE  POWERHOUSE  POWERHOUSE  POWERHOUSE 


POWERHOUSE  I  POWERHOUSE  POWERHOUSE  POWERHOUSE  POWERHOUSE 


DISTANCE  IN 

FEET 

9 

too 

*90 

*90 

500 

Boll  moderate  end 
pulsating .  Larger  in 
area  than  at  lower  tail- 
water  elevations. 

Maximum  height  3  ft. 


RUNOUT  SLOPE  IV  ON  4H 


Boil  mild  and  variable 
in  magnitude  and  location! 
Maximum  height  3  ft. 


Boll  mild  with  definite 
quiet  times  between 
upwalllngs.  Moves  up¬ 
stream  and  downstream. 
Maximum  height  2.5  ft. 


RUNOUT  SLOPE  IV  ON  6H 


i 

Boil  moderate  with 

slight  delays  between 

upwalllngs.  Maximum 

> 

/ 

height  3  ft. 

1 

50-FT  BENCH.  RUNOUT  SLOPE  IV  ON  4H 


Boil  pulsating  and 
rolling  with  distinct 
pauses  between  upwellingsii 
Maximum  height  2.5  ft. 


100- FT  BENCH.  RUNOUT  SLOPE  IV  ON  4H 

TAILWATER  ELEVATION  25 


EFFECT  OF  TAIL  RACE 
DESIGN  ON  UPWELLING 

ORAFT  TUBE  INVERT  SLOPE  IV  ON  3.5 H 


PLATE  25 


. I 


POWERHOUSE  POWERHOUSE  POWERHOUSE 


0 

100 

DISTANCE  IN 
800 

FEET 

300 

400 

900 

RUNOUT  SLOPE  IV  ON  4H 


Boil  undefined  and  rolling  with  definite  boil 
only  10%  of  the  time.  Maximum  height  1.5  ft. 


RUNOUT  SLOPE  IV  ON  5H 


Boil  pulsating  and  rolling  continuously  over 
half  of  flume.  Maximum  height  1.5  ft. 


RUNOUT  SLOPE  IV  ON  6H 
Boil  was  mild  pulsating  roller. 


TAILWATER  ELEVATION  10 


EFFECT  OF  TAILRACE 
DESIGN  ON  UPWELUNG 
DRAFT  TUBE  INVERT  HORIZONTAL 
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POWERHOUSE  POWERHOUSE  |  POWERHOUSE 


Boll  was  mild  Irregular  roller  with  quiet  water  25X  of  the  time. 


RUNOUT  SLOPE  IV  ON  5H 


Boll  was  very  mild  covering  over  half  the  width 
of  the  flume,  quiet  water  25Z  of  the  time. 


RUNOUT  SLOPE  IV  ON  6H 


Boll  wes  very  mild  with  quiet  water  50Z  of  the  time. 


TAILWATER  ELEVATION  25 

MOOCL  STUOY 

BONNEVILLE  SECOND  POWERHOUSE 

EFFECT  OF  TAILRACE 
DESIGN  ON  UPWELLING 
DRAFT  TUBE  INVERT  HORIZONTAL 
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HAMILTON  ISLAND  FILL 
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REPRODUCE!)  AT  GOVERNMENT  EXPANSE 
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REPRODUCED  AT  GOVERNMENT  EXPENSE 
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REPRO0UCEO  AT  GOVERNMENT  FXPENSE 


REPWOftOOED  AT  GOVERNMENT  EXPENSE 
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REPRODUCED  AT  GOVERNMENT  EXPENSE 
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rewhSOOCeo  at  government  expense 
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BONNEVILLE  ICE  AND  TNABH  CHUTE 

EMERGENCY  FISHWATER 
SUFFLY  INTAKE 


PLATE  61 


EMERGENCY  FISH  WATER 
SUFPLT  INTAKE 


0 1  STANCE  U.OM  CENTER  LINK  Ht  FEET 


•or  NEVILLE  ICE  ANO  TRASH  CHUTE 

WATER  SURFACE  PROFILES 

DISCHARGE  2200  CFS 


NOTES 

1.  PLOW  DEPTH  CONTROLLED  BY 
STOP  LOGS  AT  DOWNSTREAM 
ENO  OP  CHUTE. 

2.  ALL  PLOW  IN  CHUTE. 

NO  WITHDRAWAL  AT  INTAKE. 


BONNEVILLE  ICE  AND  TRASH  CHUTE 

AVERAGE  VELOCITIES  AT  UPSTREAM 
EOGE  OF  FISH  WATER  INTAKE 

DISCHARGE  2200  CFS 
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